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Abstract 34
Protected area networks represent one of the mainstays of global conservation polices and are 35 therefore central to current efforts to maintain biodiversity. However, a major limitation of most 36 conservation strategies is their bias towards particular taxonomic groups and ecosystems, 37 meaning that many taxa and habitats are often only incidentally protected as a by-product of 38 inclusion within reserves. Here we investigate how effectively protected area networks, not 39 specifically designated for freshwaters, support aquatic biodiversity in the Iberian Peninsula 40 (Spain and Portugal), using data for water beetles, surrogates of overall macroinvertebrate 41 diversity in these habitats. We explore the behaviour of different measures (alpha, beta and 42 gamma) of both taxonomic and functional diversity at different spatial scales. Overall our 43 findings highlight the contrasting performance of reserve systems in the maintenance of either 44 taxonomic or functional diversity, as well as the importance of spatial scale. Iberian reserves 45 perform relatively well in supporting taxonomic diversity of water beetles at the peninsular 46 scale, but the same protected areas poorly represent functional diversity. Such a mismatch 47 cautions against the use of any one diversity component as a surrogate for others, and 48 emphasizes the importance of adopting an integrative approach to biodiversity conservation in 49 aquatic ecosystems. Furthermore, our results often show contrasting patterns at smaller spatial 50 scales, highlighting the need to consider the influence of scale when evaluating the effectiveness 51 of protected area networks. 52 53
Keywords: biodiversity conservation, macroinvertebrates, aquatic ecosystems, reserves, beta 54 diversity, functional diversity 55   56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 4 al., 2001; Margules and Pressey, 2000) . Furthermore, beta diversity itself is comprised of two 141 components: spatial turnover and nestedness (see Baselga, 2010). Whilst both nestedness (i.e. a 142 pattern characterized by depauperate sites being strict subsets of richer ones) and turnover (i.e. 143 species/trait replacement from site to site) are components of beta diversity, they have different 144 conservation implications (Wright and Reeves, 1992) . A preponderance of nestedness within a 145 network would permit the prioritization of just a small number of the richest sites, whilst high 146 turnover would require conservation of a larger number of different sites, not necessarily the 147 richest ones (Baselga, 2010) .
148
In this study we investigate how effectively protected area networks, not specifically 149 designated for freshwaters, support aquatic macroinvertebrate biodiversity in the Iberian 150
Peninsula. We explore the behaviour of both taxonomic and functional diversity measures, at 151 local (α), inter-site (β) and regional (γ) scales. In addition to making up the bulk of freshwater 152 animal biodiversity, macroinvertebrates play a key role in freshwater ecosystem processes 153 (Covich et al., 1999) but are still less studied and protected compared to other, more publicly 154 appealing, taxa (Strayer, 2006 Specifically, we use aquatic beetle data from the Iberian Peninsula to address the 166 following questions: i) do protected areas have significantly higher α-diversity than non-167 protected areas? ii) do protected area networks include more total diversity (γ) than expected by 168 chance, given their area? and iii) do protected area networks include more inter-site diversity (β) 169 than expected by chance alone, given their area? Addressing the first question we explore 170 whether protected areas include those cells with the highest diversity (e.g. species richness), 171 whilst answering the second question provides information about the effectiveness of the whole 172 network in representing overall freshwater diversity. Finally, the third question deals with 173 dissimilarity amongst protected sites within the network, which is related to their 174 complementarity, a principle widely used in conservation planning (Justus and Sarkar, 2002 ).
175
Our study has wider implications for the design of protected area networks, being the first 176 investigation to explore how well such networks support both taxonomic and functional 177 measures of biodiversity in a non-target group across different spatial scales. 178 179
Methods 180

Study area and data 181 182
This study focuses on the Iberian Peninsula, a biodiversity hotspot located in south-western 183 Europe, which is mainly composed of the mainland territories of Portugal and Spain (Fig. 1 ).
184
The region, which extends nearly 600 000 km 2 , includes a variety of biomes, relief, climates, 185 and soil types, where altitude ranges from sea level to 3 483 m. The study area is one of the 186 richest European regions in terms of animal species diversity (Williams et al., 2000) and is 187 characterised by a wide variety of ecosystem types, including aquatic environments, some of 188 which are rare on a European context (Millán et al., 2011 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 We calculated values describing the different components (α, β and γ) of water beetle TD and 224 FD included in protected areas. Thus, for each protected area network (RNAs or N2000) we 225 assessed the diversity (either TD or FD) within each protected cell (α diversity), the change in 226 diversity amongst protected cells (β diversity) and the total diversity in the whole network of 227 protected cells (γ diversity). Both α and γ TD were calculated as species richness, whilst β TD 228 was measured as the change in species composition amongst sites (grid cells in our case). β TD 229 was measured as both spatial turnover in species composition (β SIM Simpson"s dissimilarity) and 230 variation in species composition due to nestedness (β NES nestedness-driven dissimilarity), with 231 overall β diversity (β SOR , Sørensen"s dissimilarity) being the sum of these components (Baselga, 232 2010). For a given set of grid cells, overall β diversity and its two components were calculated 233 using multiple-site dissimilarity measures following Baselga (2010 all grid cells are the centre of one 100 km radius window -such windows are overlapping and 275 therefore some plots included in one window will be included in neighbouring ones). Then, for 276 each of these 100 km radius windows we calculated α-, β-and γ-diversity in protected cells and 277 compared them with random expectations as described above (for example, we compared the 278 observed γ-diversity of protected cells within a given window to the values expected from 1 000 279 random draws of an equal number of grid cells within that window).
280
All analyses were performed using R (R-Development-Core-Team, 2010) with packages In terms of α diversity at the Iberian Peninsula scale, species richness of water beetles was 289 significantly higher in protected than in unprotected cells for both RNAs and N2000 290 (Wilcoxon-Mann-Whitney test P < 0.001 -See Appendix A). Furthermore, Iberian protected 291 areas (both RNAs and N2000) represented significantly more total species (γ diversity) than 292 expected given the area they cover. In total, RNA cells (n = 352) included 419 water beetle 293 species (86.6% of the Iberian species pool) and this value was significantly higher than those 294 obtained by chance (Table 1 ). This pattern is even clearer for N2000 cells (n = 690) that 295 supported 458 species (94.6% of the Iberian species pool).
296
Overall β TD of water beetles in RNAs (β SOR = 0.9940) mainly results from spatial 297 turnover (β SIM = 0.9866), with only a small contribution from nestedness (Table 2) . Despite the 298 high value of overall β diversity, it was significantly lower than values generated by random 299 sampling of cells (β SOR = 0.9944 ± 0.0001 in random samples; P= 0.002). In terms of the two 300 components of β diversity, observed nestedness was significantly lower than random values, 301 whilst turnover was not significantly different from random expectations (Table 2) . A similar 302 pattern was found for N2000, with overall β diversity mainly due to turnover. Again, both β SOR1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7 and β NES were significantly lower than expected by chance, whilst in this case β SIM was 304 significantly higher than random (Table 2) . 305
At a smaller spatial scale, i.e. in the 100 km radius windows, α-diversity was 306 significantly higher in protected cells than in unprotected ones for 50% of windows in the case 307 of RNAs, and 68% in the case of the N2000 network. Windows with non-significant differences 308 in α TD were mainly located in Eastern Iberia and along the central boundaries between 309
Portugal and Spain (Fig. 2a, d ). When we focus on γ diversity within windows, an opposite and 310 more marked pattern was detected: for most of the windows (86% for RNAs; 83% for N2000) 311 protected area networks did not perform significantly better in term of total species richness 312 than an equal number of random cells within the same windows (see also Fig. 2b, e) .
313
Focussing on β diversity, again for most of the windows (99.6%) overall β diversity 314 among RNAs protected cells (average β SOR = 0.9082 ± 0.0528 across windows) was mainly 315 caused by spatial turnover (β SIM = 0.7939 ± 0.1051), with only a small contribution from 316 nestedness (β NES = 0.1143 ± 0.0698). Furthermore, RNA protected cells did not perform 317 especially well in terms of overall β TD; 61.3% of windows having values of β SOR in protected 318 cells significantly lower than random expectations, and just 0.04% of windows having 319 significantly higher values for protected cells (Fig. 2c) . In the case of turnover, only 2.1% of 320 windows had significantly higher β SIM values in protected cells than random expectations (these 321 cells being clustered between Galicia and the Cantabrian Mountains, at north and north-western 322 of Iberian Peninsula), whilst 19.6% had significantly lower values (Fig. 3a) . Finally, 4.3% of the 323 windows had significantly higher nestedness in their network of protected cells than expected 324 by chance, whilst 4.0% had significantly lower values (again grouped between Galicia and the 325 Cantabrian Mountains; Fig. 3b ).
326
In the case of N2000, similar patterns of β diversity were obtained. Overall β diversity 327 amongst N2000 protected cells (β SOR = 0.9445 ± 0.0276) was mainly (99.9% of windows) due 328 to spatial turnover (β SIM = 0.8699 ± 0.0673 versus β NES = 0.0746 ± 0.044). Here 66.2% of 329 windows had β SOR values significantly lower in the network of protected areas than random 330 expectations, and none had significantly higher values (Fig. 2f ). 14.8% of windows had 331 significantly lower β SIM values in the protected network than expected by chance (clustered in 332 the Cantabrian Mountains), and just 0.09% higher (Fig. 3e) . Finally, 3.6% of windows had 333 significantly higher values of β NES in their network of protected cells, whilst 0.6% had 334
significantly lower values than those obtained by chance (Fig 3f) .
335
All these results were basically consistent across thresholds used to consider a cell as 336 protected (see Appendix A). 337 338
Representation of functional diversity in protected areas 339 340
In terms of α diversity at the Iberian Peninsula scale, FD was significantly higher in protected 341 (both RNA and N2000 networks) than in unprotected cells (Wilcoxon-Mann-Whitney test; P < 342 0.001; Appendix A). However, both protected area networks did not include significantly more 343 γ FD than expected by chance at this scale (Table 1) . Again, in the case of β diversity, for both 344
RNAs and N2000 overall β diversity mainly resulted from spatial turnover (β SIM ), with only a 345 small contribution from nestedness. For both protected area networks, β SOR and β SIM were 346 significantly lower than random expectations, whilst β NES was significantly higher (Table 2) . 347
At a smaller spatial scale, i.e. in the 100 km windows, α FD was significantly higher in 348 protected cells than in unprotected ones for just 26% of windows in the case of RNAs, and 30% 349 in the N2000 network. These windows were basically located in southern Iberia, northern 350
Iberian (Cantabrian Mountains) and the Pyrenees (Fig. 4a, d ). Furthermore, in most of the 351 windows (98.6% for RNAs and 95.3% for N2000) protected area networks did not perform 352 significantly better in term of γ FD than expected by chance. In the case of N2000, windows 353
with significantly higher values of γ FD were mainly clustered in the southernmost part of the 354
Iberian Peninsula (Fig. 4e) . Focussing on β FD, again for the most of the windows (88%), 355 overall β diversity amongst RNA protected cells (β SOR = 0.8019 ± 0.1015) was mainly due to 356 spatial turnover (β SIM = 0.5542 ± 0.1648), with a smaller contribution from nestedness 357 (β NES = 0.2477 ± 0.0981). 50.9% of windows had values of β SOR significantly lower in RNA1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 8 protected cells than random expectations, and no windows had significantly higher values (Fig.  359  4c) . Also, no windows had significantly higher β SIM values amongst protected cells than 360 random, whilst 30.4% had significantly lower values (mainly clustered in the Cantabrian 361
Mountains and the south of Spain, Fig. 3c ). Finally, 15.0% of windows had significantly higher 362 values of β NES amongst protected cells (with a similar geographic pattern, Fig. 3d ), whilst 1.17% 363 had significantly lower values than random expectations.
364
With the Natura 2000 network, similar patterns of β FD were obtained: for most of the 365 windows (98.7%) overall β diversity (average β SOR = 0.8858 ± 0.0674 across windows) was 366 mainly driven by spatial turnover (average β SIM = 0.7135 ± 0.1156 versus β NES = 0.1724 ± 367 0.0638). 56.9 % of windows had values of β SOR significantly lower in the N2000 network, and 368 no windows had significantly higher values for protected cells (Fig. 4f) . Only 0.34% of 369 windows had significantly higher β SIM values in protected cells than random, whilst 36.8% had 370
significantly lower values (Fig. 3g) . Finally, 24.2% of windows had significantly higher values 371 of β NES in their network of protected cells, whilst 1.3% had significantly lower values than 372 expected by chance (Fig. 3h) . 373
Again, all these results were consistent across the different thresholds used to consider a 374 cell as protected (see Appendix A coastal or/and mineralized ecosystems (Fig. A1) and their localities should be considered for 420 future protection. Interestingly, these patterns were not congruent for α and γ diversity at 421 smaller scale, with a considerable percentage of 100-km-radius windows (50-30% for TD and 422 ca. 70% for FD) showing no significant differences in α diversity between protected and 423 unprotected areas, and most (80-95%) with no significant differences in total species 424 representation (γ diversity). This suggests that in some areas of the Peninsula protected areas are 425 not biased towards the most speciose localities or zones, and they do not cover sufficiently 426 subregional diversity. The size of our 100-km-radius windows can be considered as a valid 427 approximation to the scale of conservation management that often occurs on the ground, being 428 more realistic in many cases than a biogeographical or national scale. For example, in many 429 countries with federal distribution of powers, each region may have its own system of protected 430 areas (EEA, 2012). In the case of Spain, most nature conservation responsibilities are devolved 431 to regional autonomous governments (Morillo and Gómez-Campo, 2000) , and most of current 432 protected areas have been designated under this regional setting. The mean size of the Spanish 433 autonomous regions is around 30 000 km 2 , approximating to that of our windows (31 400 km 2 ).
434
In contrast to TD, the overall FD included in both protected area networks was not 435 significantly higher than chance expectations, given the areas they cover. In other words, the 436 level of FD representation achieved is no better than that expected by chance. Furthermore, this 437 pattern was consistent across the two spatial scales for γ diversity. These findings illustrate the 438 relative failure of both protected area systems in preserving freshwater functional diversity, 439 despite this component of biodiversity being a better predictor of ecosystem productivity and 440 vulnerability than species diversity (Hooper et al., 2005) and illustrate the importance of 441 explicitly taking all types of diversity into account when designing protected areas (Cumming 442 and areas, and these contain relatively higher species diversity than functional diversity (the 447 correlation between TD and FD across Iberian protected cells was low; Pearson's correlation 448 coefficient r = 0.29 and r = 0.32 for RNAs and N2000, respectively; P < 0.001 in both cases).
449
This appears to be the case of headwater streams in mountain areas, which have a rich, and 450 often locally endemic, but functionally specialized, and rather homogenous fauna (Picazo et al., 451 2012). This situation could be due to environmental and biogeographical factors affecting the 452 two diversity components in different ways. Environmental filtering will limit community 453 members to those that are preadapted, and thus functionally similar, creating a functional 454 structure of communities that is not necessarily reflected in their taxonomic structure (Poff, 455 1997). Our results suggest that important ecosystem processes (e.g. energy flow, nutrient 456 cycling and biomass production) and services (e.g. mosquito control, food source to species of 457 commercial interest) in which water beetles (and aquatic macroinvertebrates in general) are 458 involved in some lowland freshwater habitats could remain under-represented by protected 459 areas.
460
In case of β diversity (both TD and FD) at the Iberian scale, although the overall value 461 obtained in both protected area networks was very high (close to 1), it was always significantly 462 lower than expected by chance -i.e. communities in protected areas were more similar than 463 would be expected from a random draw of equivalent area. This result may reflect the wide 464 environmental heterogeneity in the Peninsula, which, despite being reasonably well represented 465 in protected areas, may still be insufficient to cover the full spectrum of environments and 466 associated faunas. Deconstructing β diversity into its spatial turnover and nestedness 467 components provides crucial insights here, showing that spatial turnover is responsible for most 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 β diversity amongst protected sites, with only a small contribution from nestedness. β diversity 469 within Iberian reserve systems is therefore mainly the result of species/trait replacement 470 between sites. Although rarely recognized, the principles behind most approaches to systematic 471 planning, such as complementarity, are driven by patterns of β diversity (Magurran, 2004; 472 Justus and Sarkar, 2002) . As the turnover component of β diversity (β SIM ) quantifies the change 473 in biodiversity attributes across space, it provides critical information to represent all 474 biodiversity within practical constraints such as area and cost (Margules and Pressey, 2000) . 475
Ideally, protected area networks should maximize the species/trait turnover amongst protected 476 sites within the network, as this would denote high complementarity among protected sites. On 477 the other hand, the nestedness component of β diversity (β NES ) provides information about 478 redundancy in biodiversity attributes in the network, which also may be relevant for the 479 persistence of biodiversity over time, as multiple representations of species within the set of 480 sites would increase the probability of regional persistence (i.e. maintain each species within the 481 reserve network, even if local extinctions occur (Cabeza and Moilanen, 2001).
482
When we compared both spatial turnover and nestedness components with expectations 483 based on the surface covered by protected areas, we again found contrasting results between TD 484 and FD. Whilst protected area networks showed significantly less turnover and more 485 nestedness than random for FD, they generally displayed the opposite pattern for TD, 486
suggesting that the processes underlying these β diversity values are different. Spatial turnover 487 implies the replacement of some biodiversity attributes by others as a consequence of 488 environmental sorting or spatial and historical constraints (Qian et al., 2005). The fact that we 489 found lower functional turnover amongst protected areas than expected at random, despite 490 higher taxonomic replacement, seems to suggest that spatial turnover within reserve networks is 491 mainly driven by spatial and historical constraints and less so by environmental sorting. The 492 same would apply for species/traits loss (or gain) between protected sites, which suggest a 493 higher functional redundancy within reserve systems than expected at random, despite lower 494 taxonomic redundancy. These results point again to a bias in environmental representation 495 within protected area networks, in agreement with γ and α diversity assessment. Although the 496 results for 100-km-radius windows were more equivocal, they generally point to the same 497 pattern. They also show that the performance of protected area networks in representing β 498 diversity at this smaller spatial scale differs between regions of the Iberian Peninsula, since 499 windows significantly departing from random were usually geographically clustered. 500
Finally, it is worth noting that our results did not show important qualitative differences 501 between the two studied protected area networks. The complete implementation of the proposed 502 Natura 2000 network may mean an important increase of the area of protected land in the study 503 area (e.g. from around 12% of RNAs up to 28% in Spain; Europarc-España, 2010), with a 504 subsequent increase in the taxonomic diversity represented at Iberian scale (e.g. up to 95% of 505 the Iberian species pool). However, and despite the important potential of this reserve system 506 enhancing the protection of European endangered species and habitats (European Commission 507 1992) we found that Natura 2000 network did not often over performed RNAs in relative terms, 508 this is, when compared to that would be expected given the area it covers (for instance, in the 509 conservation of γ functional diversity). These findings highlight some limitations of this 510 network in preserving numerous components of freshwater biodiversity (see also Hermoso et 511 al., 2014; Sánchez-Fernández et al., 2013) and the need of explicitly consider their biota and 512 environments into conservation planning at European level (Hermoso et al., 2014) . In any case, 513 it is worth noting also that, in the case of inland waters, the inclusion in protected areas does not 514 automatically guarantee protection because they often fail to address important aquatic concerns 515 such as whole-catchment integrity, hydrology, and introductions of non-native species (Moyle 516 and Randall, 1998). In this context the expansion of protected areas beyond their terrestrial 517 comfort zone and the change towards catchment-based conservation planning (e.g. Nel et al., 518
2009; Bruno et al., 2014) seems crucial if we aim to improve protected area performances in 519 terms of freshwater biodiversity conservation. 520 521 522  523   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 Our approach represents a synthetic view of the performance of protected area networks 524 in representing different facets (taxonomic and functional) and components (α, β and γ) of water 525 beetles biodiversity at different spatial scales. 526
Conclusions
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